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The  l igh t  pene tr a t ion  in to  the  canopy i s  an  impor tan t  cha rac te r  in  r i ce  produc t ion 
and  desc r ibed  by ex t inct ion  coe ff i c i en t  ‘k ’ ,  wh ich  i s  ma in ly  de te rmined  by the  lea f  
e rectness .  W ith  the  impor tance  o f  lea f  e rectness  fo r  l igh t  ava i lab i l i ty and  intercep t ion, 
man ipu la t ing lea f  erec tness  becomes  a  cr i t ica l  is sue in  opt imiz ing canopy a rchi tecture  for  
inc reas ing r i ce  p roduc t ion .  Afte r  c omple te  e longa t ion  o f  lea f  b lade  and  sheath ,  the  lea f 
b lade  bends  away from the  cu lm to  se t  lea f  angle  wi th  lamina  jo int  deve lopmen t .  Some 
quan t i t a t ive  t ra i t  loc i  (QTLs)  fo r  lea f  inc l ina t ion  angle  (LIA)  have  been  iden t i f ied  recent ly  
in  r ice  du r ing r ipening .  Th is  r esearch  was  conduc ted  to  inves t iga te  the  e ffect s  o f  the  QTLs 
on  d ry ma t t e r  and  gra in  product ion  and  to  ana lyse  the  funct ions  in  regu la t ing  LIA.  
Seve ra l  QTLs  fo r  la rge r  LIA were de tec ted  in  the  p revious  s tudy by u s ing 
chromosome  segmen t  subs t i tu t ion  l ines  der ived  from a  c ross  between  ‘Takana r i’ ,  a  cu l t iva r  
wi th  e rec t  leaves  and  sma ll  k  dur ing r ipen ing  and  ‘Kosh ih ika r i ’ ,  h igh gra in  qua l i ty 
j apon ica  cu l t ivar .  Effec t s  o f  the  ‘Takana ri ’  a l le le  o f  a  QTL fo r  la rger  LIA on  chromosome  
3  (qLIA3)  on  k ,  d ry ma t t er  product ion ,  and  grain  yie ld  were  examined  by us ing a  near -
i sogen ic  l ine  (NIL-3 )  ca rrying  qLIA3 ,  i n  the  ‘Kosh ih ikar i’  genet ic  background .  NIL-3  had 
leaves  wi th  a  la rge r  LIA from the  fu l l  heading through r ipening s tage  and  a  sma lle r  k  at  
t he  r ipen ing s ta ge  than  ‘Kosh ih ika r i’ .  The re  were  no  d i ffe rences  in  p lan t  heigh t ,  pan ic le  
s i ze ,  head ing da te ,  lea f  a rea  index ,  or  individua l  lea f  pho tosyn thes is  be tween  NIL -3  and 
‘Koshihikar i ’ .  B iomass  a t  ha rves t  was s ign i f icant ly  grea te r  in  NIL -3  than  in  ‘Koshihika r i ’  
owing to  a  h igher  ne t  a ss imi la t ion  r a te  du ring r ipen ing,  r e su l t ing in  a  h ighe r  gra in  yie ld .  
qLIA3 migh t  inco rporate  a  promising gene  for  improving r i ce  p roduc t ion .  To  improve  LIA 
 
 
t r a i t  o f  r i ce ,  QTLs  on  the  d i ffe ren t  ch romosome  were  pyramided  and  the  e ffe c ts  o f  two 
QTLs  on  the  LIA,  k ,  and  d ry ma t t er  and  gra in  p roduc t ion  were  examined . However ,  the  
add i t ive  e ffec ts  o f  QTLs  for  la rger  LIA were  no t  observed  in  NILs  ca rrying two  QTLs : 
NIL (3+4) ,  car rying QTLs  on  chromosome  3  and  4 ,  NIL (1+4) ,  ca rrying QTLs  on 
chromosome  1  and  4  and  NIL (1+3) ,  car rying QTLs  on  ch romosome  1  and 3  and  LIA o f  
these  NILs  was  s t i l l  sma ll  compared  wi th  tha t  o f  ‘Takanar i’ .  There  was  no  improvement  
in  dry ma t t e r  and  grain  p roduc t ion  in  the  NILs  car rying two  QTLs  comparing wi th  NILs 
car rying s ingle  QTL.  
Based  on  the  fact  tha t  LIA decreases  a f t er  lea f  expansion  du ring r ipening ,  cu l t ivar  
d i ffe rences  in  LIA were  s tudied .  The r a t io  o f  adax ia l  to  abax ia l  lamina  jo in t  length  was 
nega t ive ly co r re la ted  wi th  LIA in  ‘Kosh ih ika r i’  and  ‘Takana ri ’ .  The  sma l le r  LIA in  
‘Koshihikar i ’  dur ing r ipen ing was  re su l t ed  from s ign i f i can t  increase  in  ce l l  length  on  the  
adax ia l  s ide  a f t e r  lea f  expansion  bu t  there  was  no  s igni f i cant  inc rease  in  that  on  the  abaxia l 
s ide  and  no  s ign i f i can t  change  in  cel l  number  on  e i the r  s ide .  Whereas ,  greater  LIA in  
‘Takana r i ’  was  observed  wi th  no  s igni f i can t  changes  in  ce l l  length  and  number  on  e i the r  
s ide  o f  the  lamina  jo in t .  The re fo re ,  ce l l  e longat ion on  the  adax ia l  s ide  o f  the  lamina jo in t  
r endered  the  cu l t iva r  d i ffe rence  in  LI A du r ing r ipen ing.   
As  one  QTL fo r  LIA was  de tected  in  the  long a rm o f  ch romosome  1  where  sd1  gene 
i s  harbour ing ,  we  a lso  eva lua ted  the  ro le  o f  sd1  gene  in  the  regu la t ion  o f  LIA.  A near -
i sogen ic  l ine  car rying  the  sd1  a l le le ,  wh ich  i s  a  los s -o f-func t ion  a l le le  o f  the  SD1  gene  o f 
semi -dwar f  cu l t iva r  ‘Takanar i’  in  ‘Kosh ih ika r i’  genet ic  background ,  showed  h igher  LIA 
a t  the  r ipening s t age  than  ‘Koshihika r i’ .  The  GA b iosyn thesi s  inh ib i tor ,  pac lobut razo l 
inc reased  the  LIA in  compari son  wi th  that  o f  cont ro l  leaves  du r ing r ipening.  The  LIA o f  
‘Re ime i’ ,  a  sd1  a l le le  mu tan t  o f  ‘Fu j imino ri ’ ,  and  o f  some  l ines  o f  the  sd1  a l le le  mu tan ts  
o f  ‘Kosh ih ikar i’  was  s ign i f ican t ly h ighe r  than  those  o f  ‘Fu j iminor i’  and  ‘Kosh ih ika r i’  a t  
the  r ipen ing s tage ,  r espec t ive ly.  T rea tment s  wi th  exogenous  gibbe re l l in  (GA)  or  
b ra ss ino l ide  (BL)  a t  the  lamina  jo int  o f  f lag  lea f  decreased  LIA o f  f lag lea f  s ign i f ican t ly.  
BL en larged  the  th ickness  o f  the  t i ssue in  the  cross  sect ion as  we ll  a s  longi tudina l  ce l l  
length  on  the  adax ia l  s ide  o f  the  lamina  jo int ,  bu t  GA en la rged  on ly the  longi tudina l  ce l l  
length .  These  r esu l ts  show the  sd1  gene  r egu la te s  LIA d i r ec t ly th rough  GA not  th rough  BL 
mechani sms .  
Accord ing to  the  di ffe ren ce  in  lamina  jo in t  ana tomy be tween  cu l t iva rs  and  the  
d i ffe rent  re sponse  o f  lamina  jo in t  ana tomy to  exogenous  GA and  BL t reatmen ts ,  i t  was 
conc luded  that  GA migh t  r esponsib le  fo r  the  cu l t ivar  d i ffe rence  in  LIA and  the  sd1  gene 
migh t  con tr ibute  to  the  increas i ng r i ce  yie ld  no t  on ly b y i mproving the  lodging r es i s t ance 
but  a lso  by inc reas ing l igh t  in te rcept ion  wi th  la rge r  LIA in  the  ‘green  revo lu t ion’ .  A 
p romis ing QTL and  a  candida te  gene fo r  la rge r  LIA were  iden t i f ied  for  the  b reed ing to  
improve  r ice  produc t ion  in  th is  re sea rch .  QTLs ,  wh ich  cou ld  no t  be  iden t i f ied  in  the  
r esea rch ,  shou ld  be  inves t iga ted  and  o ther  a l t e rna t ive  s t ra tegie s  shou ld  be cons idered  for  
improving  LIA t r a i t  in  r ice .  
